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68-year-old woman with familial hyper-
Acholesterolemia and osteoarthritis was

treated with atorvastatin 10 mg daily for
four months, ending in October 2006. At that time,
hypothyroidism was diagnosed, and the atorva-
statin was temporarily discontinued. She returned
to our lipid clinic in September 2009, because her
total and low-density-lipoprotein [LDL] choles-
terol levels were significantly increased. At this
point, rosuvastatin 10 mg daily was started.

Two weeks after starting the rosuvastatin, the
patient noticed a strong fish odour, similar to a
problem she had experienced before menopause.
When she was nine years old, she had undergone
investigation for a strong odour of rotting fish,
for which she was ostracized by her classmates.
The smell had decreased after puberty, but she
still noticed a strong fishy smell around the time
of her menstrual periods and when she was eat-
ing a choline-rich diet, such as fish and eggs.
The smell had disappeared after menopause.

At the time when the smell returned, shortly
after initiation of rosuvastatin, the patient had
been receiving levothyroxine therapy for about
three years (since October 2006), and there had
been no change in her diet. After two months of
rosuvastatin therapy, the smell became intoler-
able and she stopped taking the drug. Three days
later the smell disappeared. Laboratory testing
showed that the patient’s liver and kidney func-
tions were all within normal ranges. As would be
expected with treatment with a lipid-lowering
agent, there had been a decrease in her LDL
cholesterol (from 6.9 mmol/L at baseline to 3.2
mmol/L, i.e., a 53.6% reduction).

Primary trimethylaminuria (fish odour syn-
drome) was suspected. Analysis of a urine sam-
ple obtained after the patient had stopped taking
rosuvastatin revealed elevated excretion of
trimethylamine and a lower-than-normal percent
ratio of trimethylamine N-oxide to trimethyl-
amine (92.4:7.6 [normally > 97:3]), as measured
by fast atom bombardment mass spectrometry.'
Subsequent molecular analysis of the coding
region of the FMO3 gene (for flavin-containing
monooxygenase 3) revealed compound hetero-

© 2011 Canadian Medical Association or its licensors

zygosity for one known pathogenic mutation
(p-P153L, c.458C>T) and one novel substitution
(p.I8T, ¢.23T>C). The p.I8T substitution is not a
known polymorphism for trimethylaminuria, but
it may be pathogenic. The patient was also
heterozygous for a common variant haplotype
(p.[E158K;E308G]) that has been shown to
exacerbate excretion of trimethylamine in associ-
ation with other disease-causing mutations.’
Pravastatin 20 mg daily was started, and no symp-
toms were reported after 16 weeks of treatment.

Discussion

Common causes of a fishy odour include poor
hygiene, gingivitis, bacterial vaginosis and urin-
ary tract infections. Advanced kidney or liver
disease may also cause this condition.’ In the
patient described here, a less common cause was
found. Trimethylaminuria, also known as fish
odour syndrome, is a metabolic disorder first
described in 1970.* It is characterized by abnor-
mal excretion of trimethylamine in the urine,
breath, sweat and vaginal secretions. It may be
primary in origin or secondary to liver or kidney
damage, or it may be caused by an increase in
the precursors of trimethylamine, such as
choline, lecithin or carnitine in the diet.*

The primary syndrome is inherited in an auto-
somal recessive manner. The defective enzyme
is flavin-containing monooxygenase 3, the gene
for which (FMO?3) is located in chromosome
region 1q23-25.° Trimethylamine is derived
from the intestinal bacterial degradation of foods
rich in choline, lecithin and carnitine. Trimethyl-
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or the intake of choline-rich foods.

short course of neomycin or metronidazole.

e Primary trimethylaminuria (fish odour syndrome) is a metabolic
disorder that can be exacerbated by menstruation, specific medications

e More common causes of a fishy odour include poor hygiene, gingivitis,
vaginosis, urinary tract infections, and advanced liver and kidney disease.

e Management of trimethylaminuria includes dietary modifications, use
of mildly acidic soaps, avoidance of certain medications and possibly a
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amine produced within the intestinal tract is
rapidly absorbed and is converted within the
liver, by the action of flavin-containing
monooxygenase 3, to trimethylamine N-oxide
(Figure 1), which is then excreted in the urine.
Affected individuals have a reduced capacity to
metabolize trimethylamine into trimethylamine
N-oxide. Excessive amounts of the volatile mol-
ecule are therefore excreted in the body fluids,
which give off a strong fishy smell.

Trimethylaminuria was previously considered
to be rare, but evidence suggests that its preva-
lence is much higher than initially thought. The
incidence of heterozygous carriers of the allele
for trimethylaminuria has been studied in rela-
tively few populations. The incidence of hetero-
zygous carriers in the white British population
has been estimated to be as high as 1%,’ and the
carrier rate may be as high as 3% in Ecuador and
11% in New Guinea.’ Carriers may have tran-
sient episodes or mild symptoms of fish odour
syndrome.*

Clues to the diagnosis

The rotten fish odour is usually present from
childhood and is exacerbated during puberty. In
women, the offensive odour may be enhanced by
oral contraceptives or may increase just before
and during menstruation as a result of hormonal
inhibition of the oxidation of trimethylamine.
Patients with trimethylaminuria have no physical
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Figure 1: Schematic presentation of the metabolic pathway of trimethylamine.
FMO3 = flavin-containing monooxygenase 3.
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abnormality. However, the unpleasant odour can
result in a variety of psychosocial problems,
including withdrawn personality, social isola-
tion, obsessive personal cleansing, disruption of
schooling, marital disharmony, clinical depres-
sion and suicidal tendencies.®

As mentioned previously, trimethylaminuria
should be differentiated from more common
causes of a fishy odour, such as poor hygiene,
gingivitis, vaginosis, urinary tract infections, and
advanced liver and kidney disease.’

The biochemical diagnosis is established by
measuring the ratio of trimethylamine N-oxide to
trimethylamine in the urine. Among people with-
out trimethylaminuria, more than 97% of excre-
tion occurs as trimethylamine N-oxide. In patients
with the condition, the ratio is reduced. To date,
several different mutations of the FMO3 gene
have been reported to cause fish odour syndrome.®

Treatment options
Treatment includes counselling and dietary
modifications. An explanation of the biochem-
ical nature of the disorder and the exacerbating
factors such as menstruation may assist in reliev-
ing patients’ anxiety. Behavioural counselling
may help with depression and other psychologic-
al symptoms. Genetic counselling should be con-
sidered if the patient has the primary form of the
syndrome. Dietary adjustments include avoid-
ance of choline-rich foods, such as egg yolk,
liver, kidney, peas, soybeans and sea fish.?
Expert opinion suggests that a short course of
low-dose neomycin or metronidazole can be
used to suppress production of trimethylamine in
the gut.” The use of mildly acidic soaps may help
to reduce the odour in some patients.® Additional
therapeutic strategies that may be developed in
the future include gene therapy, attempts to col-
onize the human gut with microorganisms engin-
eered with human flavin-containing mono-
oxygenase 3 and enzyme induction with drugs.’

Exacerbation with rosuvastatin
Flavin-containing monooxygenase 3 is known to
be involved in the nicotinamide adenine di-
nucleotide phosphate—dependent oxidation and
metabolism of a number of drugs such as tam-
oxifen, ketoconazole, sulindac sulphide and ben-
zydamine." Given this involvement, case reports
of exacerbation of fish odour syndrome in asso-
ciation with these drugs and other medications
might be expected, because patients with pri-
mary trimethylaminuria may have a reduced
ability to metabolize these compounds.

In the patient described here, the symptoms
were exacerbated by rosuvastatin. Only 10% of
rosuvastatin is metabolized in the liver, and the
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remainder is excreted unchanged.'' At the
moment, we do not know the mechanism or
mechanisms by which rosuvastatin exacerbates
the symptoms of fish odour syndrome. Rosuva-
statin contains a tertiary amine, which is similar
in structure to trimethylamine, whereas none of
the other statins, such as atorvastatin and prava-
statin, have a tertiary amine structure. We
hypothesize that rosuvastatin or one of its
metabolites interacts with flavin-containing
monooxygenase 3, competitively inhibiting the
enzyme activity and exacerbating the fishy
smell. Rosuvastatin may also exacerbate the
symptoms of trimethylaminuria through a com-
petitive transport process. It has been shown that
drugs that interact with P-glycoprotein (such as
rosuvastatin) inhibit the intestinal import of
choline.” This impaired import of choline from
the intestine could result in increased bacterial
production of trimethylamine in the intestine.
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